Twelve years ago my attention was called to the fact that about nine out of ten amalgam fillings, made with our best high-grade alloys by operators of unquestioned ability, leaked as soon as they were exposed to air-pressure from within. I knew, from years of testing experience with the amalgam micrometer, that most of these alloys would make a perfect record on the micrometer if the amalgams were made with the highest operative skill. This fact had always been accepted as a true measure of the character of the adaptation to cavity walls. These, and subsequent observations, soon established the fact that the amalgam micrometer is a measure of movement only and is worthless as a test for leakiness of fillings.
This experience caused me to abandon the amalgam micrometer as a test for adaptation and to adopt the air-pressure test, using such cavity forms as seemed most practical for that purpose. It required very little experience with the air-test to verify the observations previously made, namely, that about 90 per cent of the fillings that were made with dependable high-grade alloys leaked when tested by the air-pressure method. Further examination, made by removing 42-Al L. IJ\PELR the profession of the importance of decided plasticity of the amalgam mass during the packing of a filling, more than 70 per cent of the test fillings made for me by experienced operators showed defects that were readily apparent to the naked eye when one of the cavity walls was removed to permit examination; and fully 20 per cent were as defective as the fillings shown in the above illustrations. Defects of this character, in every instance, are due to the condensation of a dry minx, a result of the forcible pinching out of the excess of mercury during the final kneading. The lack of plasticity in such a mass is manifested by a decided creaking of the amalgam during condensation. Such a mass will crack and break as it spreads, becoming so solid and hard thlat it is impossible to compress it with sufficient force to eliminate these imperfections. cent were sufficiently faulty to be readily apparent to the naked eye, a few examples of which are illustrated infigures 1, 2 and 3.
With the hope of obtaining better results during my first four years of effort with the air-test, I used the representative high-grade alloys and the best amalgam technic then known to the profession, with every modification of technic and instrument I could devise. My effort was almost entirely negative and was most perplexing in its inconsistencies. A full report of my work was published in the Proceedings of the Illinois State Dental Society for the year 1912; also in the Dental Review of the same year. This report covered more than four hundred test-fillings made by myself. All that I accomplished was the elimination of the gross defects by doing the final packing of each piece of amalgam with a small plugger (size about 1.5 millimeter in diameter). A slight gain was also made in my efforts to improve adaptation. Continued observation of the fillings that made a good initial test showed that they developed leaks at very low pressures in from three to five months, demonstrating instability.
My own experience, and general observations of the test-work of other operators, justify the statement that 90 per cent of our amalgam fillings leak, and that time develops defects in most of the remaining 10 per cent.
If this statement is approximately true, we must credit amalgam with a wonderful restraining or inhibiting power on decay, to be able to explain the fact that this material represents about 70 per cent of the work done in the average every-day practice and has saved millions of teeth, often under the most desperate circumstances. With such a record, with the comparative ease of its manipulation, and with the now-demonstrated fact that we may make uniformly strong, non-leaking, and stable amalgam fillings, who can measure the value of this wonderful filling material to the profession and to humanity.
A correct amalgam technic will wholly remove the objections of discoloration of the tooth and instability of the filling; and, if the filling be given the proper form and finish, it will restore function and will be less conspicuous than gold in its proper place. When you have rendered such service, you have earned a rich reward; and a clear conscience will enable you to charge and collect it, confident of its true worth.
Heretofore there have been two insurmountable objections to the general use of amalgam, namely, badly discolored teeth (always and only the result of leaks in the fillings), most commonly due to insufficient plasticity of the mass during the packing; and instability, a result of failure to remove the excess of mercury. These are the features of my work upon which I lay particular stress in the consideration of a proper amalgam technic.
The greatest advance and first discovery, and the most vital factor essential to the preparation of a non-lea'king filling in the use of highgrade alloys, was made immediately following the presentation of my 1912 report to the Illinois State Dental Society, namely, the necessity for decided plasticity during the filling of the cavity (a condition of plasticity free from crepitation). This one modification alone in my amalgam procedure increased my average degree of success from about 20 per cent to more than 70 per cent of non-leaking fillings, many of which were sufficiently tight to resist 20 to 30 pounds of continuous air-pressure. This record may be accepted as a measure of the importance of plasticity.
The next substantial improvement in my average came with my recognition of the importance of and necessity for uniform condensation, which is best accomplished in the mouth by an orderly stepping of the plugger, a means that will insure the most equal and complete condensation in a given time. This detail resulted in an increase in my average for perfect adaptation from 70 per cent to 80 per cent. But the importance of this detail of amalgam procedure must not be measured by the gain in adaptation alone. Observations throughout a period of more than five years indicate that insufficient force and thoroughness in condensation, and force not uniformly applied, are the causes of the perplexing inconsistencies and instability of our amalgam fillings.
Following the intelligent application of a thorough, forceful and orderly condensation, observations covering five years have demonstrated that the changes that "time" commonly developed in our amalgam work entirely disappeared. Uniform packing makes uniform strength; and, when combined with force and thoroughness, it will insure the most complete removal of excess of mercury and an even distribution of that remaining. In the use of dependable alloys, the changes of bulk that are developed by time, whether of shrinkage or expansion, or of so-called "spheroiding," are always due to failure to remove excess of mercury. The zinc contained in the alloy has absolutely nothing whatever to do with these phenomena.
Stepping the cavity walls and tamping were the next details to be developed in my amalgam procedure; and these details may be considered responsible for a further gain in my average for adaptation of from 10 per cent to 15 per cent.
It is now within my ability to make from 85 per cent to 95 per cent of my amalgam fillings resist 4 pounds to 40 pounds of air-pressure, a complete reversal of the deplorable results generally attained when I began my investigations with the air-test.
Decided plasticity and uniform condensation, as corrective measures for our amalgam failures, were suggested to the profession for the first time, I believe, on the occasion of the golden anniversary celebration of the foundation of the Illinois State Dental Society, in Chicago in 1914. Since that time I have been the recipient of a few friendly jocular allusions to the "sloppy mix" that I described at that time. Experience has made me more insistent today than ever on the importance of both of these details of procedure, and I am confident that their fundamental character can be proved by practical demonstrations. In this connection, I wish to say that I hold myself prepared and happy to enter into any formal competition with the best amalgam operators my profession can provide, as the surest means of proving or disproving the worth of these details or of any others in the standardized technic that I have presented as the result of my investigations.
After progressing in my research to the point of recognizing the necessity for plasticity and uniform condensation, I soon learned, also, by experience in my tests, that adaptation, resistance to crushing stress and flow, and stability, are one and all dependent upon the same details of operative procedure. The market provides dependable highgrade alloys, but the development of the important qualities of adaptation, strength, stability, proper proximal and occlusal form and finish, is entirely a question of operative skill. Comparatively perfect results are within the reach of every practitioner.
With the possibility of assured stability, with its great tooth-preserving qualities, with its strength, resistance to attrition, low cost, andcomparative ease of manipulation, whatever the condition or wherever the position of the cavity, amalgam demands a square dealt OUTLINE OF THE AUTHOR'S STANDARDIZED AMALGAM TECHNIC The following may be considered as a standardized amalgam technic, having special and common application in the use of all high-grade alloys, all of which are slow to amalgamate and set rather quickly. Alloys that contain less than 65 per cent of silver do not belong to this dass, and may be considered unreliable in some essential particular.
Proportions
Proportions need not be exact but mercury should be plentiful, sufficient to avoid any trace of dryness in the mixing, and just within the other extreme of liquid plasticity. Either extreme is unfavorable to thorough amalgamation. When the proportions have been decided upon by a trial mix, it will save time and material to use the small amalgam balance sold for that purpose. The amount of mercury used in making a mix has nothing whatever to do with the excess of mercury in the finished filling.
Mixing
All high-grade alloys amalgamate rather slowly. It requires thorough rubbing of the particles in the presence of mercury to develop thorough amalgamation, conditions that prohibit a hand-mix. Mixing is best accomplished by rapid rubbing in a deep mortar for a minimum time of three minutes. A measure of time is the only dependable guide to a thorough mix. Thorough mixing is necessary to attain the degree of plasticity most favorable to adaptation. It is also necessary to secure the greatest strength for the filling, and it is the means by which we may practically eliminate the movement that immediately follows the placing of the filling. This early movement is common to all alloys. Mercury may be added or expressed during the mixing to meet the requirements stated. At the end of three minutes the mass should be sufficiently plastic to be free from any evidence of crepitus.
Plasticity
In all average, large, and proximo-occlusal, cavities the amalgam mass must be extremely plastic during the filling of the first two-thirds of the cavity, to insure adaptation in the use of high-grade alloys. This important requirement is best accomplished by temporarily retaining sufficient AA6 of the excess of mercury (commonly removed during the final mixing or kneading) to be removed ultimately, after it has served its purpose, by thorough, forceful, and orderly packing. The excess of mercury generally removed during the final mixing is not dangerous to the stability of the filling, because this mercury is a surplus that can always be removed by a very ordinary packing-force. The excess of mercury that requires our special attention is the final excess; the complete removal of this dangerous excess is absolutely and solely dependent upon thorough, forceful, and orderly condensation.
Decided plasticity and uniform condensation are two important operative details, not previously recognized by the profession as essential to success, that must be accepted if we would make, with reasonable uniformity, non-leaking and stable amalgam fillings.
Tamping
Tamping was designed, and has proved, to be an aid to uniform condensation. Tamping is done by lightly tapping, with the plugger, each piece of amalgam added until it spreads as a uniformly thick, dense, and plastic, layer in contact with the surrounding walls, and well into the angles; then we may proceed to condense. This procedure provides uniform bulk and plasticity under each thrust of the plugger. Experience shows a material improvement in adaptation when this detail is carried out. Packing
The packing should be as forcible and thorough as possible, and applied with the greatest possible uniformity. The most practical means of accomplishing this in the mouth is by an orderly stepping of the plugger. Following the detail of tamping, we start the packing of each piece of amalgam with a medium or large plugger at the center of the filling, stepping a little less than its diameter in one direction in a gradually enlarging circle until the cavity walls are reached.
Stepping the cavity walls The final condensation of each piece of amalgam is done by stepping the cavity walls with the smallest plugger (size about 1.2 by 1.8 mm. in diameter), stepping a little less than its long diameter immediately against the walls, and well into the angles once around thecavity. With an orderly packing, the excess of mercury is always driven in one direction outward, where it is at all times free to come to the surface to be removed.
Packing without order results in irregular condensation. The parts of the filling that are thoroughly condensed will contain no excess of mercury and, as a result, will be abundantly strong. The parts of the filling that are less thoroughly condensed will contain excess of mercury and, as a result, the filling will be weak and unstable, with corresponding possible defects in adaptation. With an orderly packing the final excess of mercury finds its last lodgment immediately against the cavity walls and particularly in the angles, at which points it would exert its worst effect if allowed to remain. Forcible stepping of the cavity walls is the one procedure that will most certainly remove this dangerous excess and, at the same time, perfect the adaptation. In irregular cavities orderly stepping must be carried out as far as is practicable.
The operating details of condensation are the most exacting and difficult to acquire because they must be carried out simultaneously. Development of the skill necessary to obtain uniform results demands our most thoughtful attention and best effort, until correct habits are formed.
As the filling approaches completion, the amalgam should gradually become less plastic, until, at the finish, the excess of mercury may be pinched out forcibly to the point where it still remains a workable mass.
The cavity should be filled with an excess, covering well all margins, after which the surface should be thoroughly condensed with the largest pluggers. This final condensation may be done with pluggers sufficiently large to cover the whole filling, in combination with the heaviest possible mallet force; or the entire filling should be forcibly compressed with the thumb, holding the amalgam against all margins at the same time for a few moments. This will express the final excess of mercury.
The filling should now remain undisturbed for about three minutes, after which it should be trimmed and carved to correct proximal and occlusal forms, as far as this is possible. The surfaces may be made smooth by light burnishing, and the use of soft brush wheels, and pumice. The final polish should be given at a subsequent sitting.
The matrix
The heavy packing-force required to insure the complete removal of excess of mercury makes the use of the matrix imperative in all cavities in which one or more of the surrounding walls are missing. The matrix may be held by ligature, or by one of the mechanical retainers sold for that purpose. It should be held securely and should be reasonably well adapted to the tooth at all points along the cavity margins.
It is very much easier to avoid a large bulk of amalgam in the interproximate space, and overlap at the gingival margin, than it is to trim off the excess during or after the setting of the amalgam. For this purpose, I insert a round, tapering, wood, toothpick from the lingual side to wedge the matrix solidly against the gingival margin. This wedge assists materially in preserving the interproximate space and saves much time iu trimming the filling to form.
The matrix must be so held that it may be adjusted, or stretched, to restore the contact-point when building the filling; and, wherever necessary and possible, sufficient separation should be made to secure enough room in the interproximate space to restore function.
The merit of the details of procedure and conclusions that I present here may be best judged when considered in conjunction with the investigations described in a paper written by Arthur W. Gray, Director of the Department of Physical Research of the L. D. Caulk Co., entitled, "metallographic phenomena observed in amalgams," read in October, 1918, at the Milwaukee meeting of the American Institute of Mining Engineers. The splendid work therein detailed meets all the requirements of scientific investigation of the phases of amalgam work that are important to us, except adaptation, which for twelve years has been my special sphere of effort. A careful consideration of this joint effort will, I believe, lead to a recognition of the cause of our amalgam failures, and to the adoption of such changes in our procedure as have been proved to be necessary.
The amalgam technic I have presented during the past five years will be found to meet the requirements that insure practically uniform results in adaptation, strength and stability. So far as I have been capable of accomplishing the task, the procedure has been reduced to the simplest form, and will not add more than three minutes to five minutes to the time taken by the average careful amalgam operator.
SUMMARY OF GENERAL CONCLUSIONS
For the benefit of those who may not find the time or inclination to read the full reports of these investigations, I wish to correct, here, some of the old-time theories that have been disproved. THE JOURNAL OF DENTAL RESBARCH, vOL. I, NO. 4 Exact laboratory tests have definitely shown that alloys do not deteriorate with 9age, either before amalgamation or after completion of the filling.
Plentiful use of mercury during the mix is necessary for the attainment of maximum strength and stability, and does not affect the amount remaining in the finished filling.
The more thorough the mix in the mortar up to a time of six minutes, the stronger and the more stable the filling; but the increase in strength after three minutes is so slight that it does not justify the use of the extra time.
The larger the quantity of mercury actually rubbed into the alloy, the stronger the filling. The great error in this connection is failure to remove the mercury that is not amalgamated.
Changes in bulk, that are developed by time and apparent to the naked eye in amalgam made from representative high-grade alloys, are entirely due to excess of mercury in the finished fillings. Practically every well known high-grade alloy contains zinc, irrespective of which thousands of permanently good amalgam fillings have been made. This fact dearly proves that zinc alone is not responsible for change in the bulk of a filling.
The important attribute of adaptability to cavity walls is lost when crepitus develops in amalgam, because amalgam in that conditioii forms minute cracks as it spreads under the condensing force; and these defects cannot be eliminated by subsequent packing. Crepitating amalgam packs like dry snow, bridging the defects as snow bridges the air spaces, which cannot be eliminated until they are subjected to very great pressure. The more slushy the snow, the more dense and hard the snowball can be made.
If, while making a filling, the amalgam mass becomes stiff, more mercury may be added and kneaded into the mass to secure the desired plasticity, without impairing the strength of the filling.
The amount of the excess of mercury to be retained temporarily after making the mix, to insure a decided degree of plasticity, varies with the size and form of the cavity, or the time required to fill it. This extra excess, commonly removed during the final kneading, is in nowise dangerous because it is always the first to be expressed during the packing.
The dangerous excess of mercury is the final excess, namely, the excess that remains in the mass after forcible squeezing during the final kneading, and which always becomes apparent under thorough and forcible condensation.
Smooth plasticity is developed long before a condition of thorough amalgamation is attained. Vigorous mixing for three minutes in actual time is the only dependable guide to a perfect mix.
